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Summary

The growth response to angiotensin II (Ang II) was studied using cultured vascular smooth muscle cells (VSMC)
isolated from the aortae of male and female spontaneously hypertensive rats (SHR). Systolic and mean arterial blood
pressure of 10-week-old males was significantly higher when compared to age-matched females. The specific growth
rate of male VSMC was significantly higher on the third and sixth day after synchronisation. Angiotensin II in
concentration 10~ M stimulated the specific growth rate only in male VSMC during the exponential phase of growth.
Moreover, doubling time was 3 hours shorter in male VSMC in comparison with the females. Our results suggest that
both the increased specific growth rate and augmented growth-response of male VSMC to Ang II may explain the

higher sensitivity of males to hypertensive stimuli.

Key words

Spontaneously hypertensive rat — Gender — Tissue culture — Aortic smooth muscle cells — Angiotensin II

Introduction

Sex-dependent differences in the prevalence of
hypertension have been reported in humans. The data
from the Framingham study indicated that the morbidity
and mortality due to cardiovascular diseases in women
with normal blood pressure was lower by 50 % than in
normotensive men (Vokonas et al. 1983).

It is evident that growth of vascular smooth
muscle cells (VSMC) plays an important role in the
pathogenesis of hypertension (Schwartz et al. 1986).
Although much is known about growth abnormalities of
VSMC in hypertension (Owens and Schwartz 1982, Liu
et al. 1988), the factors that initiate and perpetuate the

hypertension-related increase in the mass of vascular
media are not completely understood.

As has been shown by several authors, the
proliferation rate of VSMC is higher in SHR compared
to normotensive Wistar-Kyoto (WKY) rats (Yamori ef
al. 1981, Hadrava et al. 1989). Furthermore, cultured
VSMC from SHR aortac have been observed to
proliferate more rapidly in response to various growth
factors including angiotensin II (Ang II) than cells
isolated from normotensive animals (Hadrava et al.
1989, Paquet et al. 1990). Experimental data from
normotensive rats (Travo ef al. 1980, Batakova et al.
1997) have demonstrated that aortic VSMC isolated
from male Wistar or Wistar-Kyoto rats proliferate more

PHYSIOLOGICAL RESEARCH

© 1998 Institute of Physiology, Academy of Sciences of the Czech Republic, Prague, Czech Republic

E-mail: physres@biomed.cas.cz

ISSN 0862-8408

Fax: +420 2 293894
http://www.1f2.cuni.cz/physiolres/physiolres.htm



502 Loukotova et al.

Vol. 47

rapidly than those isolated from females. Moreover, we
have observed that this sex-dependent difference in
VSMC growth also exists when cells are isolated from
the aortae of SHR (Badakova and Kune§ 1995).

Angiotensin II, the final effector peptide of the
renin-angiotensin system, is both a pressor hormone and
a trophic peptide (Schelling et al. 1991, Owens 1989).
Its growth promoting activity for various cell types
including VSMC was well documented (Owens and
Schwartz 1982, Wolf et al. 1996). To our knowledge, no
data about the different reactivity of male and female
VSMC to angiotensin II are available.

This study was designed to further analyse the
difference in VSMC growth isolated from male and
female SHR. Therefore, the responsiveness of VSMC to
Ang II was evaluated in both genders.

Material and Methods

Male (n=8) and female (n=8) SHR
aged 10 weeks were obtained from the breeding colony
of our institute. The rats were killed by decapitation and
VSMC were obtained by enzymatic digestion from their
thoracic aortae. Briefly, thoracic aortae were aseptically
excised and cleaned of connective tissue and adherent
fat. The adventitia was removed by stripping the aortae
with a pair of dissecting forceps. Isolated arteries were
cut longitudinally and the endothelium was removed.
The medial segments were rinsed with Dulbecco’s
Modified Eagle Medium (DMEM) plus gentamycin,
minced into very small pieces and digested using
collagenase 2 mg/ml (Sigma), elastase 0.12 mg/ml
(Sigma) and bovine serum albumin 2 mg/ml (Sigma) at
37 °C for 60 min (Touyz ef al. 1994). Isolated cells were
centrifuged and resuspended in DMEM (SEVAC,
Prague) + 20 % foetal calf serum + gentamycin. Cells
were plated in 25 cm? flasks (Nunclon) and maintained
at 37 °C in a humidified incubator in 95 % air to 5 %
CO, atmosphere till the confluence. Confluent cells
exhibited a hill-and-valley pattern typical for VSMC in
culture. Passaged cells were positively identified as
VSMC by immunofluorescence using o-actin antibody.
Cells from passages 2—10 were used in this study.

After trypsinization using 0.05 % trypsin
and 0.04 % EGTA, cells were counted by Coulter
Counter and seeded into 24-well dishes at the density of
4x10* cells/well. After 24 h, the cells were rendered
quiescent by serum deprivation for 42 h. Quiescent cells

were exposed to angiotensin II (Hypertensin, Ciba,
107 M) for 1, 3 or 6 days. At the end of incubation, cells
were harvested by trypsinization and counted by Coulter
Counter. The specific growth rate was determined
according to the formula (N — N})/(N; (t; - 1)), where
N, and N, are cell numbers at times t; and t; (in days).
The doubling time was calculated according to the
formula log 2 (t; - t;)/(log N, - log N)).

Student’s t-test was used for comparison of both
genders. The paired t-test was employed for evaluation of
the Ang II effect. Results from five independent
experiments in triplicates were expressed as means *
SEM. A value of p<0.05 was considered to be
significant.

Results

Table 1 summarises body weight and blood
pressure values of male and female spontaneously
hypertensive rats whose aortae were used for isolation of
VSMC. Both systolic and mean arterial blood pressures
were significantly higher in males than in females.

Table 1
Body weight (BW), systolic (SBP), mean arterial (MAP

and  diastolic (DBP) blood pressure in
10-week-old male and female spontaneously
hypertensive rats.
Males Females
n=8 n=8
BW (g) 23547 167+3%*
SBP (mm Hg) 194+4 176£3**
MAP (mm Hg) 15913 145+5*
DBP (mm Hg) 12943 118+6
Data are means + S.EM., *p<0.05, **p<0.005,

significantly different from males.

To examine if there is a growth difference
between the cells from the two genders, cells were
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harvested 1, 3 or 6 days after synchronisation. The
specific growth rate was the same in control cells
(without stimulation by Ang II) of both genders on day 1
(Table 2). A significantly higher specific growth rate was
attained by VSMC from males as compared with those
from females on day 3 and persisted until day 6. There
was no effect of Ang II on the specific growth rate in
both genders except for the male VSMC in which Ang II
stimulated the growth rate on day 3 significantly.

Moreover, the doubling time determined
from the growth curves of exponentially proliferating
1- to 3-day-old cultures was about three hours shorter in
male VSMC in comparison with female cells (26.1 £ 0.7
hvs 29.0 + 1.3 h, p=0.06).

Table 2

Effect of time and angiotensin II (10”7 M) on specific
growth rate of VSMC isolated from male and female
SHR.

Time Angll Male Female
(t—t)

- 0.9540.12 0.84+0.10
0-1

+ 0.9740.14 0.88+0.10

- 1.9940.10 1.6340.12*
0-3

+ 2.1740.15" 1.7240.14*

- 1.4840.07 1.00+0.09%*
0-6

+ 1.4340.03 0.9540.08**

Data are means + S.EM. VSMC without stimulation by
Ang II (=) were compared to cells stimulated by 107 M
Ang II (+). *p<0.05,**p<0.01 as compared with males,
y p<0.05 as compared with controls.

Discussion

The present study in vascular smooth
muscle cells isolated from spontaneously hypertensive
rats shows a significantly higher specific growth rate of
male VSMC when compared to female cells. This is in
good agreement with our previous results (Batakova and
Kunes§ 1995). The same sex difference in VSMC growth
was observed for cells isolated from normotensive rats
(Travo et al. 1980, Batdkova et al 1997). The
mechanisms responsible for sex-dependent differences in
VSMC proliferation are still not well clarified. Among
the factors that control these differences in vivo, sex
hormones are believed to be of a considerable
importance. Receptors for 17 oestrogen are present on
both vascular endothelium and smooth muscle cells
(Horwitz and Horwitz 1982, Hanes et al. 1996). It was
shown that oestrogen inhibits intimal thickening of the
rat femoral artery in females and this was reversed by
ovariectomy (Akishita et al. 1997). Gender differences in
vascular contractility have also been reported by several
investigators (Stallone et al. 1991, Zhang et al. 1992).
Moreover, there is in vitro evidence that oestrogens slow
down VSMC proliferation (Chang et al. 1980), whereas
testosterone may support it (Masuda et al. 1991).
However, the role of sex hormones in our study seems to
be negligible, because the foetal calf serum added to the
culture medium contained testosterone or oestradiol in
concentrations less than 107° M (Bag4kova et al. 1997).
This concentration is several orders of magnitude lower
than that required for inducing growth effects in vitro
(Chang et al. 1980, Masuda et al. 1991). The reason for
the different specific growth rate of VSMC isolated
either from male or female SHR needs to be further
analysed.

We therefore studied the specific growth
rate of VSMC from both genders after the stimulation by
Ang II. The specific growth rate was not influenced by
Ang II except for male VSMC during their exponential
phase of growth. It has been shown that Ang I, a potent
vasoconstrictor, stimulates VSMC growth in the vascular
wall when administered in vivo (Wiener et al. 1996, Su
et al. 1998). On the other hand, discrepant results have
been reported when Ang II is given in vitro, i.e. it
increases either the size (Berk et al. 1989, Geisterfer et
al. 1988) or the number of VSMC (Paquet et al. 1990).
The different stimulation of male and female VSMC by
Ang II in our study might be analogous. While the male
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cells increased their specific growth rate during the
exponential phase of growth, suggesting that hyperplasia
is enhanced, the female cells did not respond to Ang II
significantly. However, this does not mean that female
cells could not react by specific hypertrophy without cell
division because we did not measure protein synthesis in
our experiments. Ang II at the concentration 10° M
induced a weak hyperplastic response in VSMC from
Wistar rats, but a clear-cut increase in the number of
VSMC from SHR (Virone-Oddos et al. 1997).
Furthermore, the concentration 5x10”7 M caused
maximal stimulation of protein synthesis in cells of
Wistar rats, while the same effect in SHR cells was

effects of Ang II on migration of both human and rat
VSMC were also observed (Liu ef al. 1997). In the light
of these results, it is evident that a detailed analysis of
the different reactivity of male and female VSMC to
Ang II should be carried out.

In conclusion, the different reactivity of
male and female VSMC to angiotensin II found in our
study might contribute to the higher sensitivity of males
to hypertensive stimuli.
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